Figure IA Slit-lamp appearance ofa proud nebula in case 3.
Abstract
Contact lens intolerance in keratoconus may be due to the formation of a proud nebula at or near the apex of the cone. Excimer laser superficial keratectomy was performed as an outpatient procedure in 10 eyes of 10 keratoconic patients with proud nebulae as treatment for their contact lens intolerance. The mean period of contact lens wear before the development of intolerance was 13-4 years (range 2 to 27 years). Following the development of intolerance, three patients abandoned contact lens wear in the affected eye while the remainder experienced a reduction in comfortable wearing time (mean=3.75 hours; range: 0-14 hours). All patients had good potential Snellen visual acuity with a contact lens of 6/9 (nine eyes) and 6/12 (one eye). The proud nebulae were directly ablated with a 193 nm ArF excimer laser using a 1 mm diameter beam. Between 100-150 pulses were sufficient to ablate the raised area. Patients experienced no pain during the procedure and reported minimal discomfort postoperatively. In all cases flattening of the proud nebulae was achieved. Seven patients were able to resume regular contact lens wear (mean wearing time =10-17 hours; range 8 to 16 hours). In The proud nebulae were directly ablated using the 1 mm diameter beam, with 2 HeNe aiming beams allowing accurate alignment. Usually, between 100-150 pulses were sufficient to ablate the raised area. Care was taken to use the minimum number of laser pulses. Peri-and intraoperative slit-lamp examination with a slit beam at high magnification was useful in assessing whether ablation had been adequate.
Fixation was maintained throughout the procedure in all cases and the ablation of tissue outside the area of the nebulae did not occur.
Postoperatively, a mydriatic drop and chloramphenicol ointment were instilled into the conjunctival sac and the eye was padded for 24 hours. Oral analgesia was provided for use during the first 48 hours and chloramphenicol 0-5% drops were instilled four times a day for a period of 10 days.
Results
Excimer laser superficial keratectomy of proud nebulae was performed on 10 eyes of 10 patients between August 1991 and December 1992. Patients experienced no pain during the procedure and reported minimal discomfort postoperatively for up to 48 hours. Few required the oral analgesics provided. The postoperative patient data are summarised in Table 2 .
In all cases, successful removal of the proud nebulae was achieved. Three patients (cases 6, 9, and 10) required a second procedure as there was residual elevation after the first procedure. The second procedure was performed within a month of the first. The reintroduction of contact lens wear was not attempted until the treatment was complete.
Seven patients (cases 1, 3, 5, 6, 7, 8, and 10) were able to attempt contact lens wear within 1 month of completion of treatment. The reintroduction of contact lens wear was delayed in the other three patients (cases 2, 4, and 9) because of non-clinical factors. Re-epithelialisation of the wound had taken place in all the patients we were able to review at 1 week after the procedure. The profile ofthe wound continued to flatten for up to 1 month postoperatively (Fig 2) .
Seven patients (cases 1, 2, 3, 6, 8, 9, and 10) were able to resume regular contact lens wear (mean wearing time 10-17 hours, range 8 to 16 hours). Wearing times of 8 hours or more were achieved within 1 month of the procedure except in cases 2 and 9 whose follow up appointments had been delayed by extraneous factors. In three cases (cases 4, 5, and 7), resumption of contact lens wear was unsuccessful despite flattening of the proud nebulae. In these, successful refitting of contact lenses proved impossible because of excessive steepness and/or unfavourable profile of the cornea.
All patients achieved postoperative Snellen visual acuity of 6/12 or better with a contact lens. Six patients achieved visual acuities equal to or better than their preoperative acuities. Cases 1, 3, 6, and 8 experienced a loss of one line in Snellen acuity. Case 8 developed a depression at the treatment site in an area of already thinned cornea. When wearing a contact lens, a bubble of air was trapped in the depression resulting in a reduction of visual acuity. In view of this, contact lens wearing time was restricted until the depression gradually filled over a period of 1 month.
The mean follow up period was 8-3 months (range 2 to 17 months).
Discussion
The formation of a proud nebula does not appear to be related to the duration of lens wear (range 2 to 27 years) or to any particular lens material ( Table 1 ). The fact that proud nebulae are rarely seen in non-keratoconic contact lens wearers suggests that their formation may be linked to the condition itself or that they may be the product of contact lens/cornea interaction at an irregular surface, the bearing area of the contact lens being distributed over a smaller surface at the apex of the cone compared with a spherical surface.
Excimer laser superficial keratectomy has several advantages over surgical excision. Laser patients experienced much less postoperative pain and the resultant wound was much smaller. The laser therapy was performed as an outpatient procedure causing less inconvenience to the patient and saving valuable theatre time.
Following laser treatment re-epithelialisation was usually complete after 1-2 weeks. However, in those patients who experienced a delay before attempting contact lens wear, we observed that the wound continued to flatten for up to 1 month post-treatment. The optimum time to resume contact lens wear following treatment is thus difficult to determine but 2 weeks would appear to be the minimum time required.
In five cases (cases 1, 5, 6, 9, 10) wear was resumed using the preoperative contact lens (that is, same back optic zone radius (BOZR)). However, if the interval between cessation of contact lens wear and treatment was long and the cornea had steepened during that time, refitting was required.
The hyperopic shift induced by PTK observed in some patients67 10 13 is not an issue in keratoconus patients as the tear lens negates any such effect once a contact lens is worn.
When comparing pre-and postoperative keratometry values and contact lens BOZRs it would appear that the cones in half the patients (cases 2, 3, 4, 7, and 8) had steepened post-treatment. However, 'preoperative' keratometry and BOZRs were not always measured immediately before treatment, some readings being up to 1 year pretreatment. We do not believe that the cone steepening was induced by the laser treatment but that it was due to the natural progression of the disease that had occurred during that period. Four eyes (cases 1, 3, 6, and 8) experienced a loss of one line of Snellen visual acuity. Again it is difficult to determine whether this was due to treatment or to natural progression of the disease, as cone steepening can lead to a reduction in visual acuity. In this study, the end point of treatment was taken to be flattening of the proud nebula at slit-lamp examination. It was often difficult to assess the amount of treatment required to achieve this. The thickness of the epithelium over the proud nebula is variable, therefore it cannot be assumed that a fixed number of pulses would ablate through it. The depth of ablation is difficult to assess with the operating microscope making peri-and intraoperative slit-lamp examination with a slit beam at high magnification very useful.
Undertreatment resulted in cases 3, 9, and 10 requiring repeat procedures. Overtreatment (case 8) resulted in a depression in an already thinned cornea which subsequently filled. We would recommend minimal treatment followed by a trial of contact lens wear before re-treatment as complete flattening may not be essential for successful contact lens wear.
In summary, we would recommend excimer laser PTK in preference to surgical superficial keratectomy for keratoconic patients with contact lens intolerance caused by proud nebulae because it is a less painful procedure, it produces a smaller, neater wound, and it can be performed on an outpatient basis with equal success.
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